Abstract ALICE (A Large Ion Collider Experiment) is a dedicated heavy-ion detector designed to exploit the physics potential of nucleus{nucleus interactions at the LHC. As a general purpose experiment, it will allow a comprehensive study of hadrons, electrons, muons and photons produced in the collision of heavy nuclei, up to the highest particle multiplicities anticipated at the LHC. The central part of ALICE, which c o v ers (9045) (jj < 0:9) over the full azimuth, is embedded in a large magnet with a weak solenoidal eld. It includes a highresolution inner tracking system of silicon detectors, a cylindrical TPC, a particle identication array (TOF or RICH detectors), and a single-arm electromagnetic calorimeter. A forward muon spectrometer (2 { 1 0 , = 2 : 4 4) has recently been added to study production and suppression of heavy quark resonances.
Ultra-relativistic heavy ion collisions
The aim of high-energy heavy-ion physics is the study of strongly interacting matter at extreme energy densities (QCD thermodynamics). Statistical QCD predicts that, at suciently high density, there will be a transition from hadronic matter to a plasma of deconned quarks and gluons | a transition which in the early universe took place in the inverse direction some 10 5 s after the Big Bang and which might play a role still today in the core of collapsing neutron stars. The study of the phase diagram of nuclear matter, utilizing methods and concepts from both nuclear and high-energy physics, constitutes a new and interdisciplinary approach i n i n v estigating matter and its interactions. It is of interest to explore and test QCD on its natural scale ( QCD ) and to address the fundamental questions of connement and chiral-symmetry breaking. Moreover, it is of general relevance in understanding the dynamical nature of phase transitions involving elementary quantum elds, as the QCD phase transition is the only one accessible to laboratory experiments.
The current heavy ion program: The early exploratory program with light ions (up to 32 S projectiles) at CERN and Brookhaven has established the feasibility o f high-energy ion{ion experiments with their abundant particle production. It has shown that high energy densities can indeed be obtained in these reactions and produced ample evidence for the onset of new, collective phenomena. Some characteristic features of these reactions (e.g. momentum distributions and particle ratios) are already surprisingly close to the ones expected for a`macroscopic' lump of hadronic matter heated to a temperature of about 150 MeV.
The recently started experiments with really heavy ions (Au and Pb beams) both at BNL and CERN, should determine to what extent one can actually establish a regime of thermodynamic behaviour. They should reach baryon densities close to or even exceeding the ones in the core of neutron stars, and | if present estimates are correct | could produce more conclusive evidence for the onset of quark deconnement.
The LHC program: The LHC, now under construction at CERN, is primarily a proton-proton collider aimed at exploring physics at the TeV scale. In addition, by making use of the existing injector chain for heavy ions, both proton{nucleus and nucleus{ nucleus collisions are possible and foreseen as a prominent part of the initial experimental program. With heavy ions at a centre-of-mass energy of about 6 TeV/nucleon, the LHC is the only machine which will reach and even extend the energy range probed by cosmic ray n ucleus{nucleus collisions. Extrapolating from present results, all parameters relevant to the formation of the Quark{Gluon Plasma (QGP) will be more favourable: the energy density, the size and lifetime of the system, and the relaxation times should all improve by a large factor, typically by an order of magnitude, compared to Pb-Pb collisions at the SPS [1, 2] . It should then be possible to get average energy densities well above the deconnement threshold, and to probe the QGP in its asymptotically free`ideal gas' form. Unlike a t l o w er energies, the central rapidity region will have nearly vanishing baryon number density, similar to the state of the early universe. Heavy-ion collisions at the LHC are generally believed to provide a more suitable environment for the study of strongly interacting matter than existing accelerators.
Experiments at LHC: The initial set of experiments at the LHC foresees two large pp detectors (ATLAS and CMS), a single general purpose heavy ion experiment (ALICE), and a set-up dedicated to B-physics which is currently under discussion. The heavy ion detector ALICE (A Large Ion Collider Experiment) has emerged as a common design by the heavy-ion community presently engaged at CERN, and a numberof groups new to this eld from both nuclear and high-energy physics. It currently includes more than 400 physicists from over 50 institutions. ALICE, which proposed a central detector in 1993 [3] and an additional forward muon spectrometer earlier this year [4] , is currently preparing a detailed technical proposal due by the end of 1995. ALICE will be a general-purpose heavy ion detector, sensitive to the majority of known observables (including hadrons, electrons, muons, and photons), and will be operational at the startup of the LHC around 2004. In addition to heavy systems (e.g. Pb{Pb), the ALICE collaboration will study collisions of lower-mass ions, which are a means of varying the energy density, and protons (both p{p and p{nucleus), which provide reference data for the nucleus{nucleus collisions.
The ALICE detector
The overall detector layout of the ALICE experiment is shown in Figures 1 and 2 .
The central part, which c o v ers 45 (jj < 0:9) over the full azimuth, is embedded in a large magnet with a weak solenoidal eld. It consists of an inner tracking system (ITS) of high-resolution silicon detectors, a cylindrical TPC, a particle identication array (PID), and a single-arm electromagnetic calorimeter (PHOS). The forward muon spectrometer will have an acceptance of between 2 and 10 ( = 2 : 4 4). It consists of a complex arrangement of absorbers, a large dipole magnet, and a number of tracking and triggering chambers. A set of zero-degree calorimeters located far downstream in the machine tunnel a n d a m ultiplicity counter array c o v ering a large fraction of the phase space (jj < 5) are not shown.
The magnet: The optimal choice for ALICE is a large solenoid with a rather weak eld (about 0.2 T) | a compromise between momentum resolution, low momentum acceptance, and tracking eciency | allowing full tracking and particle identication inside the magnet. The available space has to be suciently large to accommodate the PHOS, which m ust be placed at a distance of 5 m from the vertex, because of the particle density. F ortunately, the existing magnet of the L3 experiment at LEP not only fulls all these requirements, it can be even left in its present position, which is earmarked as the experimental area for ALICE after the completion of LEP.
The Inner Tracking System: The basic functions of the inner tracker | secondary vertex reconstruction of hyperon and possibly even charm decays, particle identication and tracking of low-momentum particles, and improvement of the momentum resolution | are achieved with six barrels of high-resolution detectors. The number of layers and their position has been optimized for ecient pattern recognition and good momentum resolution. Because of the high particle density, the innermost four layers need to be truly two-dimensional devices, e.g. silicon pixel and silicon drift detectors. The outer layers, r 50 cm, will be equipped with double-sided silicon micro-strip detectors. Four of the layers will have analog readout for independent particle identication via dE/dx in the non-relativistic region, which will give the inner tracking system a stand-alone capability a s a l o w-p t particle spectrometer.
The Time Projection Chamber: The need for ecient and robust tracking has led to the choice of a TPC as the main tracking system. In spite of its drawbacks concerning speed and data volume, only a conservative and redundant tracking device can guarantee reliable performance at up to 12000 charged particles within the acceptance. The inner radius of the TPC (r = 100 cm) is given by the maximum acceptable hit density (0.1 cm 2 ), the outer radius of 250 cm by the length required for a dE/dx resolution of < 7%. With this resolution the TPC can serve, in addition to tracking, as a detector for electron identication up to momenta of 3 GeV/c. The design of the readout and of the end plates, based on ongoing developments for other heavy-ion TPCs, as well as the choice of the operating gas, are optimized for good double-track resolution.
The Particle Identication System: A n umber of technologies are under study for the hadron identication system, which will be placed at a distance of about 3.5 m. For the rst alternative, based on time of ight, a number of dierent options are currently under test: Pestov spark counters, parallel plate chambers and scintillators read out with photomultipliers. First prototypes have been operated in a test beam and shown a timing resolution of < 100 ps (rms) for the Pestov counter. The PPC's, which are less demanding in terms of construction and operation, have reached a resolution of 200 ps.
The second alternative is a proximity-focusing RICH detector with liquid Freon radiator, solid photocathode, and pad readout.
The Photon Spectrometer: The electromagnetic calorimeter will be located below the interaction region at 5 m from the vertex, and covers 16 m 2 with 30k channels of scintillating PbWO 4 crystals. These crystals, only recently developed in the framework of detector R&D for the LHC, have a v ery small Moli ere radius (22 mm), which is needed to cope with the large particle density, and sucient light-output to reduce the readout noise for the low energy of interest (normal PMs are excluded in the magnetic eld, so a readout with silicon photodiodes is envisaged).
The Forward Muon Spectrometer: The muon spectrometer consists of a composite absorber ( 10 INT ) starting one metre from the vertex, which is made with layers of both high and low Z materials to reduce multiple scattering and particle leakage. It is followed by a large dipole magnet with 3 Tm eld integral placed outside the L3 magnet, and ten planes of thin, high-granularity tracking stations. A second absorber ( 11 INT of iron) at the end of the spectrometer and two more tracking planes are used for muon identication and triggering. The spectrometer is shielded throughout its length by a dense tungsten tube of about 60 cm outer diameter, which surrounds the beam pipe at small radii.
Physics with the ALICE detector
In order to establish and analyse the existence of strongly interacting bulk matter and the QGP, a n umber of observables have to be studied in a systematic and comprehensive w a y . The strategy adopted by ALICE is to study a number of specic signals, related to the various phases of a heavy ion reaction (see below), together with global information about the events.
Initial conditions: The energy carried away b y the non-interacting beam nucleons (spectators), which will be measured in the forward zero-degree calorimeter, xes collision geometry and impact parameter, while the multiplicity array will give information on the energy density obtained in a given reaction.
Quark-Gluon-Plasma: The thermal radiation from both the QGP and the mixed phase will be observable with the photon spectrometer in the medium-p t range (around 1{3 GeV/c) if its rate is at a level of > 5% of the (abundant) photons from hadronic decays. At higher momenta, prompt photons from the pre-equilibrium phase (3{6 GeV/c) contain information on the parton dynamics at very early stages, on the equilibration times and on the transition from perturbative to non-perturbative phenomena.
The light vector mesons, with lifetimes of the order of the expansion time scale, will partially decay during the evolution of the system. Their properties (mass, width, branching ratios), observable in the leptonic decay, should change in dense matter owing, for example, to`collision broadening',`induced radiation' and other in-medium eects. In the vicinity of the phase transition, partial restoration of chiral symmetry will lead to additional shifts of the mass. The excellent mass resolution of ALICE for electron pairs (m=m 1%) would allow to observe signicant c hanges for both the ! and mesons.
The suppression of heavy quarkonium resonances via Debye screening is an important tool to diagnose deconnement and the early stages of the QGP. The muon spectrometer will measure the production (and suppression) rates for the complete spectrum of heavy quark resonances, i.e. J= , 0 , , 0 , and 00 , via their muonic decay c hannel.
Phase transition: Thermodynamical instabilities during the phase transition resulting in`explosive' deagration of the matter could lead to large uctuations and extremely high temperatures. The expansion time in the mixed phase, which is expected to be long in the case of a rst-order phase transition, can be measured by particle interferometry. High statistics data will be available at the LHC to make a dierential space-time analysis as a function of dN/dy and p t .
Hadronic matter: A large number of hadrons (;;!;, p, K, , , ) will be measured as a function of charged-particle density and p t . This will test thermalization (equilibrium of particle ratios and momentum distribution) and dynamical evolution scenarios in the hadronic phase. Enhanced production of strangeness from the QGP phase might still be visible in the hadronic matter and can be searched for with a few percent accuracy event-by-event. The shape of the p t distribution and the average p t will be measured for the many pions, kaons ( 2000), and even protons (several hundred) on a single-event basis. Therefore individual events can be assigned a`temperature' per particle type which can be correlated with other observables. Inclusive, high-statistics measurements of hadrons will allow the investigation of expansion dynamics and collective o w phenomena.
The freeze-out radius of the hadronic reball can be measured by interferometry on an event b y e v ent basis up to 15 fm, and inclusively up to 30{40 fm. The large radii and the long lifetimes expected at LHC has posed severe requirements on the detector in terms of momentum and two-track resolution.
Conclusion
By the end of this century, a new regime of very high energy density but low baryon density will be accessible with heavy ion collisions at the LHC. With Pb-Pb at a centre-of-mass energy of more than 1200 TeV, we expect extreme particle densities (several thousand per unit rapidity), large systems approaching 100 000 fm 3 , and initial energy densities 50 to 100 times larger than the one in normal nuclear matter. ALICE will be well prepared to explore this`little Big Bang' and enter the wonderland of QCD thermodynamics.
